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(57) ABSTRACT 

A primer composition that includes stabilized, encapsulated 
red phosphorus, at least one oxidizer, at least one secondary 
explosive composition, at least one light metal, and at least 
one acid resistant binder. The stabilized, encapsulated red 
phosphorus may include particles of red phosphorus, a metal 
oxide coating, and a polymer layer. The metal oxide coating 
may be a coating of aluminum hydroxide, bismuth hydroxide, 
cadmium hydroxide, cerium hydroxide, chromium hydrox 
ide, germanium hydroxide, magnesium hydroxide, manga 
nese hydroxide, niobium hydroxide, silicon hydroxide, tin 

(21) APP1- NOJ 11/367,000 hydroxide, titanium hydroxide, zinc hydroxide, zirconium 
_ hydroxide, or mixtures thereof. The polymer layer may be a 

(22) Flled: Mar‘ 2’ 2006 layer of epoxy resin, melamine resin, phenol formaldehyde 
_ _ _ _ resin, polyurethane resin, or mixtures thereof. A percussion 

Pubhcatlon Classl?catlon cap primer that includes the primer composition, a tertiary 
(51) Int, Cl, explosive composition, and a cup is also disclosed, as are 

C06B 45/36 (200601) ordnance devices including the primer composition. 
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NONTOXIC, NONCORROSIVE 
PHOSPHORUS-BASED PRIMER 

COMPOSITIONS 

FIELD OF THE INVENTION 

[0001] The present invention relates to a nontoxic, noncor 
rosive primer composition. More speci?cally, the present 
invention relates to a primer composition that includes stabi 
liZed, encapsulated red phosphorus, an oxidizer, a secondary 
explosive composition, a light metal, and an acid resistant 
binder, to percussion cap primers incorporating the primer 
composition, and to ordnance including the primer composi 
tion. 

BACKGROUND OF THE INVENTION 

[0002] A primer composition is a primary explosive com 
position that is used to initiate or ignite another explosive 
composition, propellant, or charge. This other explosive com 
position, propellant, or charge is referred to herein as a ter 
tiary explosive composition. The primer composition is more 
sensitive to impact and friction than the tertiary explosive 
composition. The tertiary explosive composition is relatively 
stable and does not ignite until initiated by the primer com 
position. 
[0003] Many ingredients of conventional primer composi 
tions are chronically toxic and their use is regulated by the 
Environmental Protection Agency. These ingredients include 
styphnate and picrate salts, heavy metal compounds, or dia 
Zodinitrophenol (“DDNP” or dinol). The regulated metal 
compounds include compounds of mercury, lead, barium, 
antimony, beryllium, cesium, cadmium, arsenic, chromium, 
selenium, strontium, or thallium. When combusted, a primer 
composition that includes one of these ingredients emits toxic 
lead oxides or toxic compounds of other heavy metals, such as 
oxides of cesium, barium, antimony, or strontium. DDNP is 
also haZardous because it is knoWn to cause allergic reactions 
and is possibly carcinogenic, as identi?ed by The Centers for 
Disease Control and Prevention/Agency for Toxic Sub 
stances and Disease Registry (“CDC”). Some combustion 
products are gaseous and are inhaled by a user of ordnance 
When used in applications such as small caliber ammunition 
that includes the primer composition. Other gaseous combus 
tion products are typically in the form of dust or oxides of the 
toxic compounds mentioned above. Since small caliber 
ammunition is ?red in large quantities in indoor and outdoor 
ranges for training or practice, as Well as for hunting, sporting 
events (trap shooting, biathlon, etc.) and military simulations, 
the user of small caliber ammunition is potentially exposed to 
large amounts of these toxic combustion products. 
[0004] To reduce health and environmental risks, primer 
compositions that are free of lead have been developed. U.S. 
Pat. No. 4,522,665 to Yates, Jr. et al. discloses a percussion 
primer that includes titanium and potassium perchlorate. U.S. 
Pat. No. 5,417,160 to Mei et al. discloses a percussion primer 
that contains calcium silicide, DDNP, and an alkaline or alka 
line earth nitrate. U.S. Pat. No. 5,167,736 to Mei et al. dis 
closes a percussion primer that includes DDNP and boron and 
Us. Pat. No. 5,567,252 to Mei et al. discloses a percussion 
primer that includes DDNP, boron, and iron oxide. U.S. Pat. 
Nos. 4,963,201 and 5,216,199 to Bjerke et al. disclose a 
percussion primer that includes DDNP, strontium nitrate, tet 
racene, and a nitrate ester fuel. U.S. Pat. No. 6,478,903 to 
John, Jr. et al. discloses a percussion primer that includes 
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bismuth sul?de and potassium nitrate or Zinc sul?de and 
aluminum nitrate. U.S. Pat. No. 4,581,082 to Hagel et al. 
discloses a primer charge that includes Zinc peroxide, DDNP, 
and/ or a strontium salt of mono- and/ or dinitrodihydroxydia 
ZobenZene. U.S. Pat. No. 5,831,208 to Erickson discloses a 
leadfree, center?re primer that includes barium nitrate, a pri 
mary explosive, a sensitiZer, a nitrated ester, an abrasive sen 
sitiZer, a fuel, and a binder. 

[0005] Red phosphorus has also been used in primer com 
positions. Red phosphorus is an allotrope of phosphorus that 
has a netWork of tetrahedrally arranged groups of four phos 
phorus atoms linked into chains. White phosphorous is 
another allotrope that is much more reactive and toxic than 
red phosphorous. The tWo allotropes have such unique physi 
cal charactertics that they have different CAS numbers, as 
registerd by the Chemical Abstract Service (“CAS”). U.S. 
Pat. No. 2,970,900 to Woodring et al. discloses a noncorro 
sive, priming composition that includes red phosphorus, a 
secondary explosive, and an oxidiZing agent. The red phos 
phorus is stabiliZed by treatment With acid, elutriation, and 
coating With aluminum hydroxide. The secondary explosive 
is pentaerythritol tetranitrate (“PETN”), trimethylenetrinitra 
mine, trinitrotoluene (“TNT”), or mixtures thereof. The oxi 
diZing agent is barium nitrate, potassium nitrate, lead nitrate, 
lead dioxide, basic lead nitrate, or a barium nitrate-potassium 
nitrate double salt. U.S. Pat. No. 2,194,480 to Pritham et al. 
discloses a noncorrosive, priming composition that includes 
red phosphorus, a fuel, and an oxidiZer, such as red phospho 
rus, Zirconium, barium nitrate, strontium nitrate, basic lead 
nitrate, lead peroxide, or antimony sul?de. U.S. Pat. No. 
2,649,047 to Silverstein discloses a primer that includes a 
primer composition and a metal cup. The primer composition 
includes red phosphorus and barium nitrate. The metal cup is 
formed from a metal or coated With a metal that is less cata 
lytically active than nickel, such as aluminum, aluminum 
alloys, Zinc, chromium, cadmium, lead, tin, lead/tin alloys, or 
Duralumin. U.S. Pat. No. 2,231,946 to Rechel et al. discloses 
a propellant poWder that includes a small amount of red 
phosphorus, Which inhibits erosion of the gun barrel. 

[0006] Red phosphorus is relatively stable in air and is 
easier to handle than other allotropes of phosphorus. HoW 
ever, if red phosphorus is exposed to oxygen (“02”), Water 
(“H2O”), or mixtures thereof at elevated temperatures, such 
as during storage, the red phosphorus reacts With the O2 and 
H20, releasing phosphine (“PH3”) gas and phosphoric acids 
(H3PO2, H3PO3, or H3PO4). As is Well knoWn, the PH3 is 
toxic and the phosphoric acids are corrosive. To improve the 
stability of red phosphorus in environments rich in 02 or H2O, 
dust suppressing agents, stabiliZers, or microencapsulating 
resins have been used. The dust suppressing agents are liquid 
organic compounds. The stabiliZers are typically inorganic 
salts, such as metal oxides. The microencapsulating resins are 
thermoset resins, such as epoxy resins or phenolic resins. 
Currently, microencapsulating resins are not used in military 
phosphorus applications. The military speci?cation for phos 
phorous has been deactivated and is not expected to be 
updated to include encapsulation. 
[0007] Red phosphorus has also been used as a ?ame retar 
dant in a polymer-based composition, as disclosed in Us. 
Pat. No. 4,698,215 to Albanesi et al. The red phosphorus is 
stabiliZed by coating particles of the red phosphorus With a 
?rst layer of aluminum hydroxide and a second layer of a 
urea-melamine-phenol-formaldehyde resin. Red phosphorus 
has also been used in a pyrotechnic composition to block 
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infrared radiation and visible light, as disclosed in US. Pat. 
No. 4,728,375 to Simpson. The red phosphorus is stabilized 
by dispersing the red phosphorus in a rubber. 

BRIEF SUMMARY OF THE INVENTION 

[0008] The present invention relates to a primer composi 
tion that includes a stabilized, encapsulated red phosphorus, 
at least one oxidizer, at least one secondary explosive com 
position, at least one light metal, and at least one acid resistant 
binder. The stabilized, encapsulated red phosphorus may 
include particles of red phosphorus, a metal oxide coating, 
and a polymer layer. The metal oxide coating may be a coat 
ing of a metal oxide selected from the group consisting of 
aluminum hydroxide, bismuth hydroxide, cadmium hydrox 
ide, cerium hydroxide, chromium hydroxide, germanium 
hydroxide, magnesium hydroxide, manganese hydroxide, 
niobium hydroxide, silicon hydroxide, tin hydroxide, tita 
nium hydroxide, zinc hydroxide, zirconium hydroxide, and 
mixtures thereof. The polymer layer may be a layer of epoxy 
resin, melamine resin, phenol formaldehyde resin, polyure 
thane resin, or mixtures thereof. 
[0009] The at least one oxidizer may be a light metal nitrate 
selected from the group consisting of lithium nitrate, beryl 
lium nitrate, sodium nitrate, magnesium nitrate, potassium 
nitrate, calcium nitrate, rubidium nitrate, strontium nitrate, 
cesium nitrate, and mixtures thereof. The at least one second 
ary explosive composition may be PETN, cyclotrimethylen 
etrinitramine (“RDX”), cyclotetramethylene tetranitramine 
(“HMX”), TNT, hexanitrohexaazaisoWurtzitane (“CL-20”), 
or mixtures thereof. The at least one light metal may include, 
but is not limited to, magnesium, aluminum, or mixtures 
thereof. The at least one acid resistant binder may be gum 
arabic, gum tragacanth, styrene-butadine, epoxy resin, isobu 
tylene rubber, gum xanthan, gum turpentine, polyester, poly 
urethane, polystyrene, or mixtures thereof. In one embodi 
ment, the primer composition may include the stabilized, 
encapsulated red phosphorus, PETN, potassium nitrate, alu 
minum, and gum tragacanth. 
[0010] The present invention also relates to a percussion 
primer that includes a primer composition and a tertiary 
explosive composition contained in a cup. The primer com 
position includes stabilized, encapsulated red phosphorus, at 
least one oxidizer, at least one secondary explosive composi 
tion, at least one light metal, and at least one acid resistant 
binder. The stabilized, encapsulated red phosphorus com 
prises particles of red phosphorus, a metal hydroxide coating, 
and a polymer layer. The ingredients of the primer composi 
tion are as described above. The percussion primer may be 
used in a cartridge for small arms ammunition, a grenade, a 
mortar fuse, a detcord initiator, a rocket motor, an illuminat 
ing ?are, a signaling ?are, or an aircraft ejection seat. 
[0011] The present invention also encompasses ordnance 
including the primer composition of the present invention, 
including Without limitation cartridges for small arms ammu 
nition (e.g., rim?re cartridges, center ?re cartridges, shot 
shells, ri?ed slugs, etc.), grenades, mines, mortar fuses, det 
cord initiators, rocket motors, illuminating ?ares, and signal 
ing ?ares. The present invention also includes other explosive 
and propellant-based devices, such as aircraft ejection seats, 
tubular goods cutters, explosive bolts, etc. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWINGS 

[0012] While the speci?cation concludes With claims par 
ticularly pointing out and distinctly claiming that Which is 
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regarded as the present invention, the advantages of this 
invention may be more readily ascertained from the folloWing 
description of the invention When read in conjunction With the 
accompanying draWings in Which: 
[0013] FIG. 1 is a cross-sectional vieW of a rim?re gun 
cartridge; 
[0014] FIG. 2 is a cross-sectional vieW of a center?re gun 
cartridge; 
[0015] FIG. 3 is a cross-sectional vieW of a Boxer-type 
primer; 
[0016] FIG. 4 is a cross-sectional vieW of a Berdan-type 
primer; 
[0017] FIG. 5 is a cross-sectional vieW of a shot shell primer 
(Milbank type); 
[0018] FIG. 6 is a schematic illustration of an exemplary 
ordnance device in Which a primer composition of the present 
invention is used; 
[0019] FIG. 7 is a total ion gas chromatogram from a closed 
bomb test using the primer composition of the present inven 
tion; 
[0020] FIG. 8 shoWs the cartridge ?ring temperature versus 
gun chamber pressure of the primer composition of the 
present invention compared to that of a lead styphnate-based 
primer composition With a conventional propellant charge; 
and 
[0021] FIG. 9 shoWs the cartridge ?ring temperature versus 
muzzle velocity of the primer composition of the present 
invention compared to that of a lead styphnate-based primer 
composition With a conventional propellant charge. 

DETAILED DESCRIPTION OF THE INVENTION 

[0022] An explosive composition for use as a primer com 
position is disclosed. The primer composition may initiate or 
detonate upon impact, heat (spark or ?ame), friction, slight 
percussion, such as shock Waves, or combinations thereof. 
Upon initiation, the primer composition generates heat, 
gases, and condensing hot particles that are of suf?cient 
energy to ignite a tertiary explosive composition in an ord 
nance device, such term including any device including at 
least one of an explosive or propellant, including structures 
con?gured With Warheads or other projectiles. As such, the 
primer composition is the ?rst explosive composition ignited 
in an ignition train of the ordnance device. The primer com 
position may include ingredients that are loW in toxicity, free 
of heavy metals, stable to aging, and noncorrosive. These 
ingredients may include elements that are biologically avail 
able, have a high concentration tolerance, and are active in 
knoWn cycles in the environment orbiosphere. For the sake of 
example only, these elements may include, but are not limited 
to, carbon, hydrogen, nitrogen, oxygen, potassium, sodium, 
calcium, phosphorus, magnesium, aluminum, and tin. When 
combusted, the primer composition may generate nontoxic 
and noncorrosive combustion products and by-products. The 
primer composition may also be highly reliable in that it 
reliably ignites the secondary explosive composition. 
[0023] The primer composition includes a stabilized, 
encapsulated form of red phosphorus, an oxidizer, a second 
ary explosive composition, a light metal, and a binder. Rela 
tive amounts of these ingredients may be adjusted to achieve 
desired properties of the primer composition upon combus 
tion. As used herein, the term “stabilized, encapsulated” 
refers to red phosphorus having improved stability to oxida 
tion. For instance, When the stabilized, encapsulated red 
phosphorus is exposed to an environment that includes O2, 
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H2O, or mixtures thereof, the stabilized, encapsulated red 
phosphorus does not readily react With the 02 or H2O, in 
contrast to red phosphorus that lacks stabilization. The stabi 
lized, encapsulated red phosphorus may have an increased 
useful lifetime in the primer composition compared to red 
phosphorus that lacks stabilization. The stabilized, encapsu 
lated red phosphorus may be present in a range of from 
approximately 10% by Weight (“Wt %”) of a total Weight of 
the primer composition to approximately 30 Wt % of the total 
Weight of the primer composition. 
[0024] The red phosphorus may be stabilized by coating 
particles of the red phosphorus With a metal oxide, such as a 
metal hydroxide. The metal oxide may be precipitated on a 
surface of the red phosphorus particles. The metal oxide 
coating functions as a stabilizer to buffer traces of acids that 
form upon oxidation of the red phosphorus. The metal oxide 
may be aluminum hydroxide, bismuth hydroxide, cadmium 
hydroxide, cerium hydroxide, chromium hydroxide, germa 
nium hydroxide, magnesium hydroxide, manganese hydrox 
ide, niobium hydroxide, silicon hydroxide, tin hydroxide, 
titanium hydroxide, zinc hydroxide, zirconium hydroxide, or 
mixtures thereof. The metal oxide may be present in the 
stabilized, encapsulated red phosphorus in a total quantity 
that ranges from approximately 0.1 Wt % to approximately 2 
Wt % based on the quantity of red phosphorus. 

[0025] Once stabilized, the particles of the red phosphorus 
may be encapsulated by coating the particles With a polymer, 
such as a thermoset resin. Encapsulating the stabilized, red 
phosphorus particles reduces their active surface and pro 
vides the stabilized, red phosphorus particles With Water 
repellancy and acid resistance. Examples of polymers that 
may be used to encapsulate the stabilized, red phosphorus 
particles include, but are not limited to, an epoxy resin, 
melamine resin, phenol formaldehyde resin, polyurethane 
resin, or mixtures thereof. The polymer may be present in the 
stabilized, encapsulated red phosphorus in a total quantity 
that ranges from approximately 1 Wt % to approximately 5 Wt 
% based on the quantity of red phosphorus. The metal oxide 
and the polymer may be present in a total quantity of from 
approximately 1.1% Wt % to approximately 8 Wt % based on 
the quantity of red phosphorus. 
[0026] The red phosphorus particles may be coated With the 
metal oxide by mixing an aqueous suspension of the red 
phosphorus particles With a Water-soluble metal salt. The pH 
of the aqueous suspension may be adjusted, precipitating the 
metal oxide on the red phosphorus particles. An aqueous 
solution of a preliminary condensation product of the poly 
mer may be prepared and added, With mixing, to the coated 
red phosphorus particles. The solution and the coated red 
phosphorus particles may be reacted for a period of time that 
ranges from approximately 0.5 hours to approximately 3 
hours at a temperature ranging from approximately 40° C. to 
approximately 100° C., enabling the preliminary condensa 
tion product to polymerize and harden around the coated red 
phosphorus particles. The stabilized, encapsulated red phos 
phorus particles may then be ?ltered and dried at an elevated 
temperature, such as at a temperature ranging from approxi 
mately 80° C. to approximately 120° C., in a stream of nitro 
gen. Stabilized, encapsulated red phosphorus is commer 
cially available, such as from Clariant GmbH (Frankfurt, 
Germany). In one embodiment, the stabilized, encapsulated 
red phosphorus is Red Phosphorus HB 801 (TP), Which is 
available from Clariant GmbH. 
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[0027] The oxidizer used in the primer composition may be 
a light metal nitrate. As used herein, the term “light metal 
nitrate” refers to a nitrated compound of an alkali or alkali 
earth metal (from Group I or Group II of the Periodic Table of 
the Elements) having an atomic mass of less than or equal to 
approximately 133. The oxidizer may include, but is not 
limited to, lithium nitrate, beryllium nitrate, sodium nitrate, 
magnesium nitrate, potassium nitrate, calcium nitrate, 
rubidium nitrate, strontium nitrate, cesium nitrate, or mix 
tures thereof. If potassium nitrate is used as the oxidizer, the 
potassium nitrate may be stabilized, such as by encapsulating 
the potassium nitrate. In one embodiment, the oxidizer is 
sodium nitrate, potassium nitrate, calcium nitrate, or mixtures 
thereof. The oxidizer may be present in the primer composi 
tion at a range of from approximately 30 Wt % of the total 
Weight of the primer composition to approximately 80 Wt % 
of the total Weight of the primer composition. 
[0028] The primer composition may also include a second 
ary explosive composition, Which provides insensitive physi 
cal ignition properties to the primer composition. The sec 
ondary explosive composition may be a compound or a 
mixture of compounds that includes carbon, hydrogen, nitro 
gen, and oxygen. Examples of secondary explosive compo 
sitions that may be used include, but are not limited to, PETN, 
RDX, HMX, TNT, or mixtures thereof. In addition, insensi 
tive nitramine or nitroaromatic compounds may be used, such 
as CL-20, compounds With properties similar to those of 
CL-20, or mixtures thereof. The secondary explosive compo 
sition may be present in the primer composition at a range of 
from approximately 1 Wt % of the total Weight of the primer 
composition to approximately 10 Wt % of the total Weight of 
the primer composition. 
[0029] The light metal used in the primer composition may 
be a metal having an atomic mass of less than or equal to 
approximately 27, such as magnesium, aluminum, or mix 
tures thereof. The light metal may be present in the primer 
composition at a range of from approximately 0 Wt % of the 
total Weight of the primer composition to approximately 10 
Wt % of the total Weight of the primer composition. 
[0030] The binder used in the primer composition may be 
acid resistant. For instance, the binder is resistant to phospho 
ric acids, Which may be generated as phosphorus oxides. The 
binder may be a compound or a mixture of compounds that 
includes carbon, hydrogen, nitrogen, and oxygen. For the 
sake of example only, the binder may be a polymer or rubber 
compound that is resistant to phosphoric acids, such as gum 
arabic, gum tragacanth, styrene-butadine, epoxy resin, isobu 
tylene rubber, gum xanthan, gum turpentine, polyester, poly 
urethane, polystyrene, or mixtures thereof. The binder may be 
present at a range of from approximately 0 Wt % of the total 
Weight of the primer composition to approximately 20 Wt % 
of the total Weight of the primer composition. 
[0031] For the sake of example only, the primer composi 
tion may include from approximately 20 Wt % to approxi 
mately 30 Wt % of Red Phosphorus HB 801 (TP), from 
approximately 0 Wt % to approximately 10 Wt % of PETN, 
from approximately 40 Wt % to approximately 70 Wt % of 
potassium nitrate, from approximately 0 Wt % to approxi 
mately 10 Wt % of aluminum, and from approximately 0.2 Wt 
% to approximately 1.0 Wt % of gum tragacanth. 
[0032] In one embodiment, the primer composition, When 
dry, includes approximately 25 Wt % Red Phosphorus HB 801 
(TP), 5 Wt % PETN, 64.8 Wt % potassium nitrate, 5 Wt % 
aluminum, and 0.2 Wt % gum tragacanth. 
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[0033] The primer composition may be produced by mix 
ing the stabilized, encapsulated red phosphorus, the oxidizer, 
the secondary explosive composition, the light metal, and the 
binder With approximately 15% Water (by total Weight) to 
form a homogenous mixture. Adding the Water may desensi 
tiZe the mixture to impact, friction, and static electrical igni 
tion. These ingredients may be mixed by conventional tech 
niques, such as those used for producing lead styphnate 
primer compositions, Which are not described in detail herein. 

[0034] Once produced, the primer composition may be 
loaded into a percussion cap primer, Which is then used in 
various types of ordnance, such as in a cartridge for small 
arms ammunition, grenade, mortar fuse, or detcord initiator. 
The percussion cap includes the primer composition and the 
tertiary composition, Which are contained in a cup. The 
primer composition may be used to initiate or prime a mortar 
round, rocket motor, illuminating ?are, signaling ?are, or 
ejection seat. For the sake of example only, the primer com 
position may be used in a small arms cartridge, such as in a 
center?re gun cartridge or in a rim?re gun cartridge. The 
center?re gun cartridge may be a Boxer primer, a Berdan 
primer, or a shot shell primer (Milbank type). The percussion 
cap may be loaded With the primer composition using con 
ventional techniques, such as those used in lead styphnate 
compositions, Which are not described in detail herein. 

[0035] The tertiary explosive composition used in the ord 
nance device may be selected by one of ordinary skill in the 
art and, therefore, is not discussed in detail herein. The ter 
tiary explosive composition may be any explosive composi 
tion that is less sensitive to impact than the primer composi 
tion, such as a propellant or other charge. For instance, if the 
ordnance device is a gun cartridge, the tertiary explosive 
composition may be gun poWder. In a grenade, the primer 
composition may be used to ignite a delay charge. In many 
cases, such as in mortar rounds or medium artillery car 
tridges, the primer composition may be used to ignite a 
booster charge that includes black poWder or boron/potas 
sium nitrate With an organic binder. 

[0036] In one embodiment, the primer composition is used 
in a center?re gun cartridge, a rim?re gun cartridge, or a shot 
shell. Rim?re ignition and center?re ignition differ signi? 
cantly from one another and, therefore, a primer composition 
that is suitable for use in the center?re gun cartridge may not 
provide optimal performance in the rim?re gun cartridge. 
Center?re ignition and shot shell differ slightly from each, 
since the shot shell con?guration has a bar anvil and a battery 
cup. In small arms using the rim?re gun cartridge, a ?ring pin 
strikes a rim of a casing of the gun cartridge. In contrast, the 
?ring pin of small arms using the center?re gun cartridge 
strikes a metal cup in the center of the cartridge casing con 
taining the primer composition. Gun cartridges and cartridge 
casings are knoWn in the art and, therefore, are not discussed 
in detail herein. The force or impact of the ?ring pin may 
produce an impact event or a percussive event that is suf?cient 
to ignite the primer composition in the rim?re gun cartridge or 
in the center?re gun cartridge, causing the tertiary explosive 
composition to ignite or detonate. For instance, the impact of 
the ?ring pin may generate heat, ?ames, and hot particles, 
Which ignite the tertiary explosive composition, causing a 
detonation. As shoWn in FIG. 1, the primer composition 2 
may be substantially evenly distributed around an interior 
volume de?ned by a rim portion 3 of a casing 4 of the rim?re 
gun cartridge 6. The primer composition 2 may be positioned 
in an aperture 10 in the casing 4, as shoWn in FIG. 2, Which is 
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a center?re gun cartridge 8. The tertiary explosive composi 
tion 12 may be positioned substantially adjacent to the primer 
composition 2 in the rim?re gun cartridge 6 or in the center?re 
gun cartridge 8. When ignited or combusted, the primer com 
position 2 may produce su?icient heat and condensing hot 
particles to ignite the tertiary explosive composition 12 to 
propel projectile 16 from the barrel of the ?rearm or larger 
caliber ordnance (such as, Without limitation, handgun, ri?e, 
automatic ri?e, machine gun, automatic cannon, etc.) in 
Which the cartridge 6 or 8 is disposed. 

[0037] In another embodiment, the primer composition 2 
may be used in a Boxer primer 18, as shoWn in FIG. 3. The 
Boxer primer 18 may include the primer composition 2 
deposited in a primer cup or percussion cap 26. The Boxer 
primer 18 also includes a primer foil 20 in communication 
With the primer composition 2 and an anvil 22 pressed into the 
percussion cap 26. The percussion cap 26 may be positioned 
With a casing 4 such that at least a portion of the percussion 
cap 26 and the contents thereof may be positioned over a ?ash 
hole 24 in the center of the casing 4. In another embodiment, 
the primer composition 2 may be used in a Berdan primer 28, 
as shoWn in FIG. 4. The Berdan primer 28 may include the 
primer composition 2 deposited in a primer cup or percussion 
cap 26. A primer foil 20 may be placed betWeen the primer 
composition 2 and an anvil 22 integrated With a casing 4. The 
percussion cap 26, With the primer composition 2 and primer 
foil 20 may be positioned over an anvil 22 in a casing 4 and 
over ?ash holes 24 in the casing 4. In another embodiment, the 
primer composition 2 may be used in a shot shell primer 38, 
as shoWn in FIG. 5. The shot shell primer 38 may include the 
primer composition 2 and an anvil 22 positioned in a battery 
cup 31 With a percussion cap 26 placed over the primer 
composition 2 in the battery cup 31. A primer foil 20 may be 
positioned betWeen the battery cup 31 and a casing 4. 

[0038] As previously mentioned, the percussion primer 
having the primer composition 2 may be used in larger ord 
nance, such as (Without limitation) grenades, mortar rounds, 
mines and detcord initiators, or to initiate, rocket motors, 
illuminating and signal ?ares, as Well as in ejection seats, 
tubular goods cutters, explosive bolts and other systems 
including another explosive composition or charge, alone or 
in combination With a propellant. In an ordnance device 14, 
the primer composition 2 may be positioned substantially 
adjacent to the tertiary explosive composition 12 in a housing 
16, as shoWn in FIG. 6. In the instance of an ordnance device 
14 including a propellant (not shoWn), the tertiary explosive 
composition 12 may typically be used to initiate the propel 
lant. 

[0039] Upon combustion, the primer composition may pro 
duce environmentally friendly or recyclable combustion 
products and by-products, Which are absorbed by, or dis 
persed into, the biosphere or environment. Alternatively, the 
combustion products and by-products may be tolerated by the 
biosphere in high concentrations or may be dispersed quickly 
throughout the food chain. The combustion products and 
by-products include, but are not limited to, phosphorus 
oxides (such as PO, P02, P203, P2O4, or P205), metal phos 
phates, carbon dioxide, small amounts of phosphoric acids 
(such as H3PO2, H3PO3, or H3PO4), small amounts ofPH3, or 
mixtures thereof. NASA LeWis Chemical Thermodynamic 
Code Was used to model or predict the combustion products, 
Which are shoWn in Table 1, at 1000 psi, 10,000 psi, and 
50,000 psi. 
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TABLE 1 

Predicted Chemical Species Produced upon Combustion. 

Chemical 1,000 psi 10,000 psi 50,000 psi 
Species (%) (%) (%) 

P 0 0.001 0.001 
PH 0 0 0 

PH3 0 0 0 
PN 0.009 0.167 0.268 
PO 0.532 1.730 1.593 
P02 23.958 17.556 13.414 
P2 0 0.001 0.004 
P406 36.256 37.856 41.060 
P4010 0 0 0 

17.657 9.361 5.702 
KCN 0 0 0 
KH 0.004 0.029 0.012 
KO 2.018 1.350 1.649 
KOH 13.576 12.767 3.483 
K2 0.723 1.814 3.525 
KOH (L) 0 0 9.544 
K2CO3 (L) 5.267 17.368 19.745 

Closed bomb gas chromatograph analysis Was used to con 
?rm the presence of most of the chemical species predicted as 
combustion products, as shoWn in FIG. 7. 

[0040] The phosphorus-based combustion products and 
by-products may react With O2, H2O, or mixtures thereof in 
the biosphere to form phosphates, Which are biodegradable. 
Phosphates are present in manure, soil, rocks, fertilizer, deter 
gents, Water, and plants and are more environmentally 
friendly than combustion products of conventional primer 
compositions, such as lead-based primer compositions. In 
addition, since elemental phosphorus is an essential mineral 
and is utilized in the Kreb’s Cycle to convert pyruvate to 
carbon dioxide, the phosphorus-based combustion products 
and by-products produced from the primer composition are 
regulated by the body’s biosynthesis mechanisms. In con 
trast, the combustion by-products of lead-based primer com 
positions are generally accumulated by the body’s organs. 
[0041] By stabilizing and encapsulating the red phosphorus 
and by including a binder in the primer composition, the 
primer composition may generate reduced amounts of PH3 
and phosphoric acids during storage. This reduction in cor 
rosive by-products enables the primer composition to be used 
in conventional, brass percussion cups. In addition, the primer 
composition may be more stable than conventional lead 
based or leadfree primer compositions When exposed to O2, 
H2O, or mixtures thereof at elevated temperatures. However, 
When combusted, the primer composition may achieve simi 
lar performance characteristics and properties as a conven 
tional lead-based primer composition, a conventional lead 
free primer composition, or a conventional phosphorous 
based primer composition. 
[0042] The stabilized, encapsulated red phosphorus in the 
primer composition may also prevent corrosion and Wear of a 
barrel of the gun in Which the primer composition is initiated. 
The small amount of phosphoric acids that is produced upon 
combustion of the stabilized, encapsulated red phosphorus 
may produce Wear-resistant and corrosion-resistant com 
pounds that deposit on a surface of the barrel. These com 
pounds may provide a self-replenishing, protective layer on 
the barrel, improving the life of the barrel. 
[0043] The folloWing examples serve to explain embodi 
ments of the primer composition in more detail. These 
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examples are not to be construed as being exhaustive or 
exclusive as to the scope of this invention. 

EXAMPLES 

Example 1 

Primer Composition Including Stabilized, Encapsu 
lated Red Phosphorus 

[0044] A primer composition having approximately 25 Wt 
% Red Phosphorus HB 801 (TP), 5 Wt % PETN, 64.8 Wt % 
potassium nitrate, 5 Wt % aluminum, and 0.2 Wt % gum 
tragacanth Was formulated by mixing the ingredients With 
15% Water. The primer composition Was mixed by conven 
tional techniques. The primer composition is referred to 
herein as the “stabilized, encapsulated red phosphorus-based 
primer” and is indicated in the ?gures as “P4 Primer” or “RP.” 

Example 2 

Stability of the Stabilized, Encapsulated Red Phos 
phorus-based Primer 

[0045] Stability of the primer composition described in 
Example 1 Was tested by exposing the stabilized, encapsu 
lated red phosphorus-based primer to a constant elevated 
temperature (approximately 50° C.) Without humidity regu 
lation. The stabilized, encapsulated red phosphorus-based 
primer Was impact tested in accordance With Military Speci 
?cation Mil P 44610 at all the ?re heights. The stabilized, 
encapsulated red pho sphorus-based primer Was found to have 
a 0% mis?re failure rate after approximately 180 days at the 
elevated temperature. In contrast, a lead styphnate-based 
primer knoWn as Federal K75 had a 99% mis?re failure rate 
after approximately 55 days at the same, elevated tempera 
ture. 

Example 3 

Impact Sensitivity of the Stabilized, Encapsulated 
Red Phosphorus-based Primer 

[0046] Impact sensitivity of the primer composition 
described in Example 1 and the lead styphnate-based primer 
described in Example 2 Were determined according to Mili 
tary Speci?cation Mil P 44610. 
[0047] The stabilized, encapsulated red phosphorus-based 
primer had an average drop height of 6.7 inches (standard 
deviation of 1.2) and the lead styphnate-based primer had an 
average drop height of 7.4 inches (standard deviation of 1.1). 
Since the stabilized, encapsulated red phosphorus-based 
primer and the lead styphnate-based primer had statistically 
similar impact sensitivities, no change in con?guration of the 
stabilized, encapsulated red phosphorus-based primer in a 
percussion cap Was necessary. 

Example 4 

Performance of the Stabilized, Encapsulated Red 
Phosphorus-Based Primer 

[0048] The stabilized, encapsulated red phosphorus-based 
primer and the lead styphnate-based primer described above 
Were loaded into conventional cartridges. The cartridge ?ring 
temperature versus propellant chamber pressure of the stabi 
lized, encapsulated red pho sphorus-based primer and the lead 
styphnate-based primer Was determined for approximately 27 
grain charge Weight according to Government Speci?cation 
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Small Caliber Ammunition Test Procedure (“SCAT-P”) 5.56 
mm, Section 18. The lead styphnate-based primer is indicated 
in FIGS. 8 and 9 as “LP.” As shoWn in FIG. 8, the ?ring 
temperature versus propellant chamber pressure of the car 
tridges including the stabilized, encapsulated red phospho 
rus-based primer Was demonstrated to provide equal or less 
pressure at all ?ring temperatures, especially at cold tempera 
tures. In contrast, cold temperature ?ring pressures using 
other non-toxic primer compositions have been shoWn to 
have undesirably high chamber pressures. 
[0049] The cartridge ?ring temperature versus muZZle 
velocity of the stabiliZed, encapsulated red phosphorus-based 
primer and the lead styphnate-based primer in the conven 
tional cartridge Was determined according to SCAT-P, Sec 
tion 20. As shoWn in FIG. 9, the ?ring temperature versus 
muZZle velocity of the stabiliZed, encapsulated red phospho 
rus-based primed cartridges Was approximately equal to that 
of the lead styphnate-based primed cartridges. As shoWn by 
FIGS. 7-9 and Table 2, the stabiliZed, encapsulated red phos 
phorus-based primed cartridges and the lead styphnate-based 
primed cartridges had similar cartridge impact sensitivities, 
velocities, and pressures.Acceptable impact sensitivity limits 
may be determined by measuring height and voltage readings 
of a primer mis?re and then comparing the H/V+/—3S values, 
Where H is a height measurement, V is a voltage measurement 
and S is the standard deviation of the test results multiplied by 
the interval of the tests. Acceptable impact sensitivities are 
indicated by H/V+3S values of less than 12.0 and H/V-3S 
values of greater than 3.0. The data in Table 2 indicate that 
acceptable impact sensitivities Were obtained for embodi 
ments of the invention. 

TABLE 2 

Pi * In (In is the interval ofthe test) 2.20 
H/V + (In/2) 4.50 
H orV 6.70 
H/V + (3) S 10.3000 
H/V — (3) S 3.1000 

HoWever, the stabiliZed, encapsulated red phosphorus-based 
primer had a greater long-term thermal stability than the lead 
styphnate-based primer. 
[0050] While the invention may be susceptible to various 
modi?cations and alternative forms, speci?c embodiments 
have been shoWn by Way of example in the draWings and have 
been described in detail herein. HoWever, it should be under 
stood that the invention is not intended to be limited to the 
particular forms disclosed. Rather, the invention is to cover all 
modi?cations, equivalents, and alternatives falling Within the 
spirit and scope of the invention as de?ned by the folloWing 
appended claims. 

1. A primer composition comprising a homogeneous mix 
ture of 25% by Weight of a stabiliZed, encapsulated red phos 
phorus, 64.8% by Weight of potassium nitrate, 5% by Weight 
of pentaerythritol tetranitrate, 5% by Weight of aluminum, 
and 0.2% by Weight of gum tragacanth. 

2. The primer composition of claim 1, Wherein the stabi 
liZed, encapsulated red phosphorus comprises red phospho 
rus, a metal oxide coating, and a polymer layer. 

3. The primer composition of claim 2, Wherein the metal 
oxide coating comprises a coating of a metal oxide selected 
from the group consisting of aluminum hydroxide, bismuth 
hydroxide, cadmium hydroxide, cerium hydroxide, chro 
mium hydroxide, germanium hydroxide, magnesium 
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hydroxide, manganese hydroxide, niobium hydroxide, sili 
con hydroxide, tin hydroxide, titanium hydroxide, Zinc 
hydroxide, Zirconium hydroxide, and mixtures thereof. 

4. The primer composition of claim 2, Wherein the polymer 
layer comprises a layer of epoxy resin, melamine resin, phe 
nol formaldehyde resin, polyurethane resin, or mixtures 
thereof. 

5. The primer composition of claim 11, Wherein the at least 
one oxidiZer comprises a light metal nitrate selected from the 
group consisting of lithium nitrate, beryllium nitrate, sodium 
nitrate, magnesium nitrate, potassium nitrate, calcium nitrate, 
rubidium nitrate, strontium nitrate, cesium nitrate, and mix 
tures thereof. 

6. The primer composition of claim 11, Wherein the at least 
one secondary explosive composition comprises pentaeryth 
ritol tetranitrate, cyclotrimethylenetrinitramine, cyclotetram 
ethylene tetranitramine, trinitrotoluene, hexanitrohexaaZai 
soWur‘tZitane, or mixtures thereof. 

7. The primer composition of claim 11, Wherein the at least 
one light metal comprises magnesium, aluminum, or mix 
tures thereof. 

8. The primer composition of claim 37, Wherein the at least 
one binder comprises gum arabic, gum tragacanth, gum xan 
than, gum turpentine, polyester, polyurethane, polystyrene, 
styrene-butadine, epoxy resin, isobutylene rubber, or mix 
tures thereof. 

9. The primer composition of claim 32, Wherein the at least 
one binder comprises from approximately 0.2% by Weight to 
approximately 20% by Weight of the total Weight of the 
primer composition. 

10. The primer composition of claim 32, Wherein the 
primer composition comprises a homogeneous mixture of 
stabiliZed, encapsulated red phosphorus, pentaerythritol tet 
ranitrate, potassium nitrate, aluminum, and gum tragacanth. 

1 1 . A primer composition comprising a homogeneous mix 
ture of red phosphorus stabiliZed With a metal oxide and 
encapsulated With a polymer, at least one oxidiZer, at least one 
secondary explosive composition, and at least one light metal, 
the red phosphorus comprising from approximately 10% by 
Weight to approximately 30% by Weight of a total Weight of 
the primer composition, the at least one oxidiZer comprising 
from approximately 30% by Weight to approximately 80% by 
Weight of the total Weight of the primer composition, the at 
least one secondary explosive composition comprising from 
approximately 1% by Weight to approximately 10% by 
Weight of the total Weight of the primer composition, and the 
at least one light metal comprising from approximately 5% by 
Weight to approximately 10% by Weight of the total Weight of 
the primer composition. 

12. The primer composition of claim 11, Wherein the 
primer composition comprises particles of red phosphorus, a 
coating of the metal oxide on the particles of red phosphorus, 
and an encapsulation layer of the polymer on the particles of 
red phosphorus. 

13. (canceled) 
14. The primer composition of claim 32, Wherein the 

primer composition consists essentially of a homogeneous 
mixture of stabiliZed, encapsulated red phosphorus, potas 
sium nitrate, pentaerythritol tetranitrate, aluminum, and gum 
tragacanth. 

15.-29. (canceled) 
3 0. A primer composition comprising a homogeneous mix 

ture of stabiliZed, encapsulated red phosphorus, at least one 
oxidiZer, at least one light metal, and at least one secondary 
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explosive composition, the stabilized, encapsulated red phos 
phorus comprising from approximately 20% by Weight to 
approximately 30% by Weight of a total Weight of the primer 
composition, the at least one oxidizer comprising from 
approximately 40% by Weight to approximately 70% by 
Weight of the total Weight of the primer composition, the at 
least one light metal comprising from approximately 1% by 
Weight to approximately 10% by Weight of the total Weight of 
the primer composition, and the at least one secondary explo 
sive composition comprising from approximately 1% by 
Weight to approximately 10% by Weight of the total Weight of 
the primer composition. 

31. The primer composition of claim 30, Wherein the sta 
biliZed, encapsulated red phosphorus comprises red pho spho 
rus, a metal oxide, and a polymer, Wherein the metal oxide 
comprises a coating of a metal hydroxide selected from the 
group consisting of aluminum hydroxide, bismuth hydroxide, 
cadmium hydroxide, cerium hydroxide, chromium hydrox 
ide, germanium hydroxide, magnesium hydroxide, manga 
nese hydroxide, niobium hydroxide, silicon hydroxide, tin 
hydroxide, titanium hydroxide, Zinc hydroxide, Zirconium 
hydroxide, and mixtures thereof, and Wherein the polymer 
comprises a layer of epoxy resin, melamine resin, phenol 
formaldehyde resin, polyurethane resin, or mixtures thereof. 

32. The primer composition of claim 30, further compris 
ing at least one binder. 

33. (canceled) 
34. The primer composition of claim 30, Wherein the sta 

biliZed, encapsulated red phosphorus comprises red pho spho 
rus, a metal oxide precipitated on a surface of the red phos 
phorus, and a polymer encapsulating the red phosphorus. 
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35. The primer composition of claim 30, Wherein the at 
least one light metal comprises magnesium, aluminum, or 
mixtures thereof. 

36. The primer composition of claim 32, Wherein the sta 
biliZed, encapsulated red phosphorus comprises 25% by 
Weight of the total Weight of the primer composition, potas 
sium nitrate comprises 64.8% by Weight of the total Weight of 
the primer composition, pentaerythritol tetranitrate com 
prises 5% by Weight of the total Weight of the primer compo 
sition, aluminum comprises 5% by Weight of the total Weight 
of the primer composition, and gum tragacanth comprises 
0.2% by Weight of the total Weight of the primer composition. 

37. A primer composition comprising a homogeneous mix 
ture of stabiliZed, encapsulated red phosphorus, at least one 
oxidiZer, at least one light metal, and at least one binder, the 
stabiliZed, encapsulated red phosphorus comprising from 
approximately 20% by Weight to approximately 30% by 
Weight of a total Weight of the primer composition, the at least 
one oxidiZer comprising from approximately 40% by Weight 
to approximately 70% by Weight of the total Weight of the 
primer composition, the at least one light metal comprising 
from approximately 1% by Weight to approximately 10% by 
Weight of the total Weight of the primer composition, and the 
at least one binder comprising from approximately 0.2% by 
Weight to approximately 1 .0% by Weight of the total Weight of 
the primer composition. 

38. The primer composition of claim 37, further compris 
ing at least one of pentaerythritol tetranitrate, cyclotrimeth 
ylenetrinitramine, cyclotetramethylene tetranitramine, trini 
trotoluene, and hexanitrohexaaZaisoWurtZitane. 

* * * * * 


